. These low flows appear to be related to an elevated hematocrit (hct) with an associated increase in blood viscosity. It has also been shown that treatment by venesection which results in a lowered hct and viscosity is correlated with an increase in flow. Previous investigations of the effects of venesection on CBF have reported only global flow values, or supra-and subtentorial flows. There has been no examination of lateralized or regional changes in CBF.
It has also been shown that patients with chronic obstructive pulmonary disease (COPD) have impaired neuropsychological function (Grant et al, 1980) . The functions most frequently impaired were perceptual motor integration, abstracting and motor skills. A recent report by Willison et al (1980) concluded that the mental state of patients with even modest degrees of polycythemia improves following phlebotomy. These improvements were demonstrated by a limited battery of four "alertness" tests which did not purport to examine higher cortical function. In the present study, a broad range of neuropsychological tests and CBF measurements were used to examine the effects of phlebotomy on cerebral function in patients with polycythemia secondary to COPD.
METHODS
A total of 6 subjects (5 male, 1 female) with a mean age of 45 ± 19.6 years (Mean ± SD) were studied. Prior to venesection, each patient underwent one regional CBF measurement, and a brief neuropsychological assessment.
Following each flow study, an arterial blood sample was drawn for blood gases, hct and viscosity determination. In addition, pulmonary function was assessed by complete pulmonary function testing including the maximum expiratory flow-volume curve. This entire sequence of tests was repeated following venesection.
REGIONAL CBF Flow was measured using the noninvasive Xenon 133 inhalation technique. Eight regions of the brain were monitored in each hemisphere. The method is ideal for repeated studies, as the absorbed radiation is minimal, being approximately 100 mrads per study. The technique of measurement, system description and normal results are published elsewhere (Menon and Weir, 1979) . The flow index used for this study is ISI, the initial slope index of Risberg (Risberg et al, 1975) . NEUROPSYCHOLOGY An extensive battery of neuropsychological measures has been developed (Reitan and Davison, 1974) , but consumes approximately 6-7 hours for administration of the complete battery. In order to minimize fatigue, a selected group of measures was administered. 
HEMATORRHEOLOGY AND PULMONARY FUNCTION
An arterial blood sample was drawn from a radial artery to obtain blood gases, hct, hemoglobin and viscosity. Measurements of these were repeated until consecutive measurements yielded results within 5% of each other.
Viscosity was determined by using a Wells-Brookfield Micro-Viscometer; 8 ml. of heparinized blood at a shear rate of 225 sec" 1 and at 37° C were used (Dormandy, 1970) . Blood gases were determined by an IL 133 analyzer. Hct was measured with a microhematocrit tube (Wintrobe, 1974) , and was expressed as a percentage of whole blood.
The maximum expiratory flow volume loop was used to assess lung function. The forced vital capacity (FVC) was V 50 and V 75 , the flow rates after 50% and 75% respectively, of the forced vital capacity had been exhaled, were measured.
RESULTS
The effects of phlebotomy on blood viscosity, hct and arterial p 0 2 and pC0 2 are demonstrated in Table 1 . Although the mean hct after venesection is still in the above-normal range, there has been a significant reduction (p<0.05) from the pre-venesection values. Phlebotomy has also significantly reduced blood viscosity. A onetailed Student's t-test has been employed for the analysis. Only p values less than 0.05 are considered to be statistically significant. On the basis of a flowvolume loop (Table 2) and arterial blood gases (Table 1) , there is little change in pulmonary function from before to after venesection.
The alterations in CBF patterns following venesection are summarized in Table 3 and Figure 1 . Hemispheric changes are documented in Table 3 ; the left hemisphere flow is significantly increased (p<0.05) while the increase in the right hemisphere is not statistically significant. Regional changes are demonstrated in Figure 1 
DISCUSSION
This study shows that venesection results in a reduction of blood viscosity and hct, and that concomitant increases in CBF and improvements in mental function take place. That flow increases take place following venesection has been demonstrated before; however, previous work has only demonstrated global, supra-orsubtentorial increases (Thomas et al, 1977; York et al, 1980) . The effects of the procedure on neuropsychologic performance has been documented but with a more limited battery of tests than those used here (Willison et al, 1980) . These authors reported that their patients did not complain of difficulties in higher cortical function, but Grant et al (1980) have reported that patients with COPD do have deficits on a wide range of psychological tasks.
The post-venesection hct in the present group of patients was still above the normal range, although it had been lowered by venesection. This post-venesection mean was the same as that reported by Grant et al (1980) in their series of patients with COPD. They concluded that there appeared to be no relationship between hct and neuropsychological function. Our results, on the contrary, demonstrate that improvements in test performance as well as in CBF occur in association with reductions in hct and viscosity. Flow, though improved relative to prevenesection levels, did remain subnormal; similarly, post-venesection neuropsychological performance was subnormal. This finding tends to corroborate the finding of Grant et al (1980) that there was some degree of mental impairment in his group of COPDs.
The pulmonary function tests once again corroborate previous impressions that there is no substantial change in lung function after venesection as measured by mechanical lung performance or arterial blood gases. The patients, due to their impaired lung function, will show CBF values that are artifactually slightly reduced because of the method of CBF measurement employed (York et al, 1980) . Grant et al (1980) were unable to suggest a physiological basis for their findings of mental impairment in All values are expressed as mean ± I S.D.
•ISI: initial slope index tp -value indicating level of significance of change from pre-to post-venesection value; NS: not significant COPD. The present study suggests that elevated hct levels are related to depressed flows, and that this in turn is the physiological mechanism underlying the mental impairment.
The role of hct in mental performance has been previously studied in a series of patients undergoing carotid endarterectomy. Bornstein et al (1980) found that in a group of 55 cases, hct measured prior to endarterectomy was related to post-operative mental improvement. Patients with hct<46.5% improved on a significantly greater number of measures than those with hct>46.5%.
A final point, and a key one at that, is our finding that improvements in both measures of cerebral functionregional CBF and neuropsychological tests -implicate the left cerebral hemisphere. The very close relationship between the improvement in sensory/ motor function and the regional increases within the left hemisphere strongly argue against any artifact of measurement. The reason for such a lateralised improvement in cerebral function is not obvious at this time.
However, a recent report by Gur et al (1980) has suggested that the cerebral hemispheres differ in neural organization. This may in some way be related to a differential response to venesection. There is obviously a need for a much larger study with more subjects, and hopefully a much wider range of hct. Such an approach could exand on our findings and perhaps explain the lateralized hemispheric involvement.
